SUMMARY -Laparoscopic appendectomy is the method of choice of many professional societies owing to its many advantages. Th e question arises whether surgeons urge more easily to laparoscopic exploration due to its less invasiveness, faster recovery and adequate exploration of the entire abdominal cavity than to observation in unequivocal cases. Th is retrospective analysis (2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016) included 1899 patients undergoing laparoscopic (lap) or gridiron intra-abdominal approach treated at Zagreb University Hospital Centre. Th e analysis included total negative appendectomy, negativenegative appendectomy (normal appendix and no other pathology found), and negative-positive appendectomy (normal appendix but another pathology found) in children (≤16 years) and adults. Th ere was no statistically signifi cant diff erence in the rates of negative appendectomy ( .56); and laparoscopy group negative appendectomy in children vs. adults (p=0.56). Th ere was a statistically signifi cantly higher perforation rate with the open approach in total (p<0.0001), in children (p<0.0001) and in adults (p=0.02). Th ere was no statistically signifi cant diff erence between adults and children in the perforation rate with laparoscopic approach (p=0.24) and perforation rate with open approach (p=0.29). Results confi rmed that there was no statistically signifi cant diff erence in the rate of negative appendectomy in all subgroups. It is concluded that laparoscopic appendectomy should be off ered as the method of choice in any patient population with suspicion of acute appendicitis.
Introduction
Appendectomy is one of the most common emergency abdominal surgical procedures. Lifetime risk of acute appendicitis is 7% 1 . Although an ever increasing number of articles on antibiotic treatment for certain, well-defi ned early and non-obstructive types of acute appendicitis has been published 2, 3 , all the world's emergency and surgical societies still recommend appendectomy when acute appendicitis is suspected [4] [5] [6] . Despite the progress in diagnostic methods, the sensitivity and specifi city of either method or combination of methods have not reached 100% for the diagnosis of acute appendicitis. In other words, in a certain percentage, there are cases when normal appendix is found during the operation. Some studies report a higher rate of negative appendectomy with laparoscopic exploration 7 , whereas in others there is no difference between laparoscopic and open approach. Th ere are studies where the rate of negative appendectomy was lower in the laparoscopic group, both in the general 8 and pregnant populations 9 . Given the possibility of more precise exploration of the entire peritoneal cavity, as well as minimal invasiveness and rapid recovery after laparoscopic approach, the question arises whether the surgeon makes the indication for exploration earlier in uncertain cases. Th e fi nal question which this study attempted to answer is whether laparoscopic approach results in a higher rate of negative appendectomy.
Patients and Methods
Th is retrospective analysis included data on patients that underwent appendectomy at Zagreb University Hospital Centre in the period from January 1, 2009 to December 31, 2016 . Data on the number of procedures each year were collected together with basic demographic data (age and sex) and classifi ed according to the surgical approach (laparoscopic, McBurney's incision, median laparotomy) and the existence of perforated appendicitis. According to age, patients were divided into the groups of children (age <16 years) and adults (age >16 years). A specimen of the resected appendix was sent for histopathologic analysis by light microscopy, along with the degree of infl ammation (phlegmonous, gangrenous, perforated appendicitis). In this study, endoappendicitis was neither defi ned nor used as confi rmation of developing appendicitis. If another intraoperative pathology was found, it was resected and the specimen was sent for histopathologic analysis.
Th e term 'negative' appendectomy or 'negative' fi nding applied to neat histopathologic fi nding of appendix without signs of infl ammation. As in some cases some other pathology was detected, defi nitive fi nding was divided into two subgroups, as follows: negative-negative fi nding defi ned as normal appendix and no other pathology found; and negative-positive fi nding defi ned as normal appendix, but another intraperitoneal pathology was confi rmed that required immediate surgery.
Results
During the observed period (2009-2016), a total of 2041 appendectomies were performed. Appendectomies initiated with median laparotomy (and clear intraperitoneal pathology) were excluded (142 patients), then 1899 appendectomies remained. Of these, 649 appendectomies (377 male and 272 female) were pediatric, while the remaining 1250 cases were adults (663 male and 587 female). Of these, 1478 (77.8%) procedures were initiated laparoscopically and the remaining 421 (32.2%) procedures by McBurney's incision. Table 1 shows total negative appendectomy rate, Table  2 negative-negative appendectomy rate, and 
Discussion
Appendectomy remains the method of choice for suspicion or evidence of acute appendicitis in all age groups and all degrees of infl ammation, supported by current guidelines and recommendations [4] [5] [6] . With a signifi cantly higher effi cacy and low complication rates, appendectomy remains the most eff ective treatment for patients with uncomplicated acute appendicitis compared to antibiotic treatment 10 . All these guidelines additionally recommend laparoscopic appendectomy as the method of choice with proven benefi ts compared to open appendectomy for acute appendicitis in adults 11 . Th e laparoscopic approach is feasible, safe and eff ective, and may decrease costs in cases of complicated (gangrenous/perforated) appendicitis, with adequate experience and appropriate laparoscopic skills 12 . Several fi ndings support the evidence that, by infl icting fewer traumas when using laparoscopy, the healing response is more effi cient, especially in septic patients 13 . It can be assumed that the immune response correlates with infl ammatory markers associated with injury severity and, as a consequence, the magnitude of surgical interventions may infl uence clinical outcomes through the production of molecular factors, ultimately inducing a systemic infl ammatory response. It is known that surgical stress response and postoperative immune function are considerably better after laparoscopy 14 . Open surgery increases the incidence of bacteremia, endotoxemia and systemic infl ammation compared with laparoscopy, and causes 14 . Th e surgical glove port-SILA (SGP-SILA) has proved to be a more cost-eff ective technique when compared to standard SILA or traditional multi-port laparoscopic appendectomy 15 . Although some evidence suggests that children could benefi t from laparoscopic approach, others are concerned with the benefi ts of laparoscopy and emphasize that both approaches have their advantages and disadvantages 16 . Th e opponents of the laparoscopic approach point out its two shortcomings. Th e fi rst is that there are no benefi ts in various cure indicators, especially in children, and the other is that laparoscopic surgeons indicate early exploration in unclear clinical presentations. Some believe that because of laparoscopy less invasiveness and better exploration of the entire peritoneal cavity, which is impossible through McBurney's incision, laparoscopic surgeons replace observation in unclear cases with early exploration. Th e group submitted to early laparoscopic exploration also includes women with acute or chronic pain in the lower right quadrant, which could lead to a higher rate of negative appendectomy but also to the high rate of positive other intra-abdominal pathology 17 . Th e results of various studies are contradictory; some argue for a higher rate 7 , whereas others speak of lower rates of negative appendectomy using laparoscopic appendectomy 8, 9 . So far, very few papers have been published that compare only the type of approach with the rate of negative appendectomy. Most studies attempt to reduce the rate of negative appendectomy using more precise clinical, clinical-laboratory and clinical-laboratory-radiological (scoring) systems 18, 19 . Using modern imaging diagnostic methods, the rate of negative appendectomy has decreased but is not eliminated. Th us, a 10-year national study from the United States undertaken due to a rise in the use of abdominal computed tomography (CT) in cases of suspected acute appendicitis observed a decrease in the rate of negative appendectomy from 15% in 1998 to 9% in 2007 20 . However, in countries where abdominal CT is not a recommended diagnostic method for suspected acute appendicitis, the rate of negative appendectomy is high, ranging from 21% to 26% [21] [22] [23] . Th e results of this 8-year study (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) performed at Zagreb University Hospital Centre showed a continuous increase of laparoscopic appendectomies (from 37.3% to 92.7%). Patients were divided into two large groups (children aged <16 and adults aged >16). Several negative appendectomy variables were analyzed to get an accurate insight into the issue because the rate of total negative appendectomy is not a good indicator of successful diagnosis of acute appendicitis. Th ere are two issues here. Th e fi rst is that diagnostic workup of clinical presentation indicative of acute appendicitis, in a certain percentage cannot exclude or confi rm intra-abdominal pathology. In such cases, due to unclear diagnosis, especially in women of generative age, exploration is indicated, with laparoscopy as the best approach because of two basic advantages, i.e. more detailed exploration of all four quadrants of the peritoneal cavity and less abdominal wall trauma. Secondly, patients with acute gynecologic conditions excluded whose clinical presentation indicates exploration are referred to the emergency surgeon. However, in a certain percentage, it is a gynecologic pathology. Th erefore, the negative appendectomy parameter was divided into negative-negative where there was no pathologic substrate and negative-positive in which the appendix was normal, but other pathology was found which required exploration in most cases. Th erefore, the accurate parameter of negative appendectomy would be negative-negative appendectomy with one additional remark. It is the concept of endoappendicitis. It is about initial infl ammatory changes in the mucosa of the appendix, which are sometimes diffi cult to detect on pathologic specimen examination, so perhaps the true incidence of negative-negative fi ndings may be lower. Also, there is the condition called appendicopathy, which includes neurogenic appendicopathy 24 and obstructive appendicopathy 25 , where no histologic signs of infl ammation exist. A confi rmation of this condition is the percentage of the population that have several similar episodes of pain in the right lower abdominal quadrant during life, and this symptomatology disappears after appendectomy even though the pathologic examination shows normal appendix.
In our study, there were no signifi cant diff erences in either subgroup of negative appendectomy according to surgical approach to appendectomy. Th us, the rates of total negative appendectomy, negative-positive appendectomy and negative-negative appendectomy were the same in the laparoscopic and open groups. Th is applied to both children (aged <16) and adult (aged >16) populations in the study. Th ere was no statistically signifi cant diff erence in the overall rate of negative appendectomy between children and adults with laparoscopic approach either. Th is could partly be explained by the fact that the same emergency surgeons set the indications for laparoscopy in both children and adults. In a similar study conducted at Dubrava University Hospital, somewhat lower values of overall negative appendectomy were recorded 26 . Th is could in part be attributed to the lack of treatment of pediatric population in that hospital, and partly to the lack of female population whose initial presentation as acute gynecologic disease is diagnosed and treated at Department of Gynecology and Obstetrics, Zagreb University Hospital Centre. When the acute gynecologic disease is excluded, these patients are referred to Department of Emergency Medicine, Zagreb University Hospital Centre, where exploration is performed by the emergency surgeon if indicated. Th is process can partly explain the higher rate of negative appendectomy but also positive gynecologic fi ndings. At the same time, laparoscopic approach contributes to a signifi cantly lower rate of perforated appendicitis. Published studies have clearly shown that the group of perforated appendicitis has a higher incidence of complications 27 . One of the possible explanations is that surgeons who perform exclusively open appendectomy indicate exploration later in the course of the disease when clinical presentation defi nitely shows acute appendicitis, but with the risk of an increased rate of perforated appendicitis. Another explanation is that laparoscopic surgeons may be opting for open access when clinical or imaging diagnosis of perforated appendicitis is likely. Final conclusion could be that laparoscopic approach is the method of choice for both doubtful cases and when acute appendicitis is certain. Th is is valid for all age groups since it does not contribute to a higher rate of negative appendectomy but contributes to a signifi cantly lower rate of perforated appendicitis. Diagnostic imaging as a factor not analyzed in this study could contribute to an additional explanation of the negative appendectomy rates in the subgroups analyzed. Lower rates of abdominal CT performed in certain groups (women of reproductive age and children) with atypical clinical presentation are expected due to possible consequences of irradiation. Although the results on the use of abdominal CT with the aim of reducing the rate of negative appendectomy are contradictory, most studies show lower negative appendectomy rates [28] [29] [30] [31] .
